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stem retting. This process is essential for extracting fibers from the stem of the plant, but can 23 adversely affect the quality of surface waters. The history of human activities related to 24 hemp (its domestication, spread, and processing) is frequently reconstructed from seeds and 25 pollen detected in archaeological sites or in sedimentary archives, but this method does not 26 always make it possible to ascertain whether retting took place. Hemp is also known to 27 contain phytocannabinoids, a type of chemicals that is specific to the plant. Here we report 28 on the detection of one of these chemicals, cannabinol (CBN), preserved in a sediment 29 record from a lake in the French Massif Central covering the past 1800 yr. The presence of 30 this molecule in the sedimentary record is related to retting. Analysis of the evolution of 31 CBN concentrations shows that hemp retting was a significant activity in the area until ca. 32 A.D. 1850. These findings, supported by pollen analyses and historical data, show that this 33 novel sedimentary tracer can help to better constrain past impacts of human activities on the 34 environment. 35
INTRODUCTION 37
Hemp is one of the earliest cultivated plants (Russo, 2007) . Its high adaptability 38 (Raman, 1998) allowed it to spread worldwide, perhaps through a co-evolution with 39 mankind (McPartland and Guy, 2004) . Hemp can therefore be considered as a fundamental 40 plant in human history (Raman, 1998) . Indeed the development of all civilizations has relied 41 on its many uses: e.g., as foodstuff (the seeds), medicine and intoxication (the resin), and 42 overwhelmingly for making ropes, textile, and paper (the fibers). The fibers are separated 43 from the stems after the retting process, usually consisting of submerging the stems in water 44 (Wills, 1998) . Though retting is required for extracting fibers and is thus used worldwide, 45 this traditional process has been known for centuries to dramatically damage water quality, 46 causing massive fish death and making water undrinkable for cattle and humans 47 (Anonymous, 1772). Tracing this ancient pollution is of major interest, because it can 48 provide clues to past interactions between human societies and environments, the 49 understanding of which is crucial to anticipate the consequences of future global changes 50 (Dearing, 2006) . To date, pollen, seeds, or textile fragments are the only indicators currently 51 exploitable in archaeological studies to detect the use of retting (e.g., Schofield and Waller, 52 2005) , and thus to assess the extent of the induced pollution. 53
Recording a continuous history of hemp retting can be achieved by using a set of 54 archaeological sites that are chronologically continuous and where seeds and pollen are 55 preserved, and implies morphometric analyses of pollen due to the resemblance between 56
Cannabis and Humulus (hop genus) pollen grains (Mercuri et al., 2002; Whittington and 57 Gordon, 1987) . Moreover, pollen and seeds may be absent in archaeological sites (Wills, 58 1998 ). Monitoring tracers of human activity preserved in a natural archive can help 59 overcome these difficulties. The analysis of the molecular biomarker content of lacustrine 60 sediments (which continuously record environmental changes) and soils can provide 61 information on past environments, but only in a very few cases can these be unequivocally 62 phytocannabinoids, a group of chemical compounds unique to this plant (Russo, 2007) . We 66 here report on the detection of cannabinol in a sediment core drilled in Lake Aydat 67 (Auvergne region, France) that covers the past 1800 yr. 68
METHODS AND STUDY SITE 70
Sedimentary Core 71 Lake Aydat (45°39.809′N, 2°59.106′E) is located in the northern part of the French 72 Massif Central (Fig. 1) , a volcanic region located in the center of France. A high-resolution 73 continuous sediment sequence covering the past 6700 yr retrieved under 14.5 m water depth 74 was dated (accelerator mass spectrometry [AMS] radiocarbon dates, 137 Cs measurements, 75 and detection of historical flood deposits) and extensively described in a previous study 76 (Lavrieux et al., 2013) . The present study focuses on the upper part of the core, consisting of 77 dark and faintly laminated sediment interrupted in many places by flood deposits. Samples 78 were selected in the background sediment, i.e., after the flood events were removed. Their 79 position is displayed together with the depth-age model in Figure 1 . A.D. 1200, when Cannabis-pollen-type values rose to almost 10%, and then increased 151 abruptly to over 20%. Overall, it remained between ~20% and 30% -with a higher 152 proportion of Cannabis pollen type -until the end of the 18 th century, when it maximized at ~40%. From the beginning of the 19 th century, both CBN and pollen strongly decreased: 154 CBN was totally absent in sediments younger than ca. A.D. 1860, while pollen was still 155 weakly present (~2%) during the 20 th century. CBN was also absent in 35 soil samples 156 analyzed in the lake catchment (Lavrieux, 2011) . 157 158 DISCUSSION 159
Fiber hemp was extensively cultivated in the Auvergne, France, region during 160 historical times (Peuchet, 1800) , and was produced in small plots on the outskirts of every 161 village (Charbonnier, 1980) . As in other regions, the main reason for producing hemp fibers 162 was for textile making (de Ballainvilliers, 1846), but all other parts of the plant, except the 163 roots, were used: oil (extracted from seeds) was used as lighting fuel and peeled stems were 164 used for heating (Poitrineau, 1965) . Seeds were probably also consumed by local populations 165 and cattle, and leaves were probably used for animal bedding (Brown, 1998) . Careful retting 166 was needed to produce a high-quality and reputed hemp fiber such as that used by the French 167 Royal Rope Factory for the marine arsenal, where the longest ropes in Europe (200 m all in 168 one piece) were made during the 17 th century (Peuchet, 1800) . Hemp was also exported for 169 the paper industry (Peuchet, 1800) . Thus, the numerous uses of hemp as well as its 170 widespread culture in the region explain the occurrence of one of its molecular biomarkers in 171 Lake Aydat sediments. Sedimentary CBN could originate either directly from the plant or 172 from hemp remains that were mixed in soils and subsequently eroded to the lake. Because 173 the whole hemp plant was used, most of the material likely to contain CBN was exported. 174
Only roots could constitute a potential contributor of soil CBN, but hemp roots have not 175 been shown to contain more than small amounts of cannabinoids (De Pasquale et al., 1974; Russo, 2007) . Because soils are reputed to retain the molecular imprint of their past land 177 uses (Lavrieux et al., 2012) , and although soils are the main contributors of terrestrial 178 organic matter to lacustrine sediments through erosion, another source must be invoked to 179 explain the presence of CBN in the lake sediments. The most obvious explanation involves 180 the practice of retting, a process largely used during historical times in Auvergne (Diderot 181 and d'Alembert, 1778; de la Platière, 1784) which consists of submerging the stems in water. 182
This was commonly done in all kinds of aquatic environments such as pits, marshes, ponds, 183 or rivers. The stems were then left in water for a few days to a few weeks in order to 184 facilitate extraction of the hemp fibers. 185
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